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(57) ABSTRACT 

A method of fabricating a semiconductor device having a 
memory device region and a logic device region on a 
substrate includes the steps of forming ?rst and second gate 
lines on the substrate at the memory device region and the 
logic device region, respectively, forming a sideWall insu 
lating layer on both sides of each of the ?rst and second gate 
lines, forming a plurality of impurity regions in the 
substrate, forming a silicon nitride layer on the memory 
device including the ?rst gate lines, forming a silicide layer 
on the second gate line and impurity regions at the logic 
device region, and forming an oxide layer on an exposed 
surface excluding portions over each one of the impurity 
regions at the memory region and the logic device region, 
respectively. 

16 Claims, 8 Drawing Sheets 
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METHOD OF FABRICATING 
SEMICONDUCTOR DEVICE 

This application claims the bene?t of Korean Application 
Number 8321/1997 ?led on Mar. 12, 1997, Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device, 
and more particularly, to a method of fabricating a semi 
conductor device. Although the present application is suit 
able for Wide scope of applications, it is particularly suitable 
for forming a 1 GB DRAM or higher integrated semicon 
ductor memory device. 

2. Discussion of the Related Art 
Development and research have been directed to DRAM 

devices capable of processing GB information in a chip. A 
dimension of a unit device to store a unit of information 
should be less than 0.3 pm2 in a 1 GB DRAM device. Thus, 
a micro pattern-forming technique is generally required to 
realiZe a device having such a precise dimension. For 
eXample, a self-aligned contact hole method is one of the 
techniques for forming the micro patterns. Using this 
process, a unit cell having a dimension less than 0.3 pm2 is 
readily achieved in forming micro patterns. 

With the advent of the multi-media era, electronics have 
been developed Which have improved and more complicated 
functions. In addition, the trend is toWards smaller, lighter, 
and more portable systems. According to this trend, a 
multifunction semiconductor device built in one chip has 
received great attention. Particularly, a DRAM memory 
device region and logic device region tend to be built in one 
chip. To realiZe this design, processes of forming the 
memory device region and the logic device region should be 
performed at the same time, rather than separately. 
A conventional method of fabricating a semiconductor 

device Will be described With reference to the attached 
draWings. 

FIGS. 1A through 1F are cross-sectional vieWs shoWing 
the process steps of forming a memory device region of a 
DRAM cell, and FIGS. 2A through 2F are cross-sectional 
vieWs shoWing the process steps of a method of forming a 
logic device region. In the conventional method, the 
memory device region and the logic device region are 
formed in separate processes. 

Referring to FIG. 1A, after an active region and a ?eld 
region are de?ned in a semiconductor substrate 1, a ?eld 
oXide layer 2 is formed on the ?eld region. Successively, a 
?rst oXide layer, a polysilicon layer, and a ?rst silicon nitride 
layer (not shoWn) are formed on the entire surface of the 
substrate. 

Aphotoresist ?lm is coated thereon and selectively pat 
terned by photolithography. With a photoresist pattern serv 
ing as a mask, the ?rst silicon nitride layer, the polysilicon 
layer, and the ?rst oXide layer are anisotropically etched to 
form a gate cap nitride layer 5, a gate line 4, and a gate oXide 
layer 3, respectively. N-type ions are then implanted into the 
substrate 1 to form a lightly doped drain (LDD) region 6 in 
the substrate 1. 
As shoWn in FIG. 1B, a second silicon nitride layer 7 is 

deposited on the entire surface of the substrate including the 
gate cap nitride layer 5, the gate line 4 and the gate oXide 
layer 3. 

Then, in FIG. 1C, the second silicon nitride layer 7 is 
anisotropically etched to form a sideWall insulating layer 7a 
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2 
at both sides of the gate oXide layer 3, the gate line 4, and 
the gate cap nitride layer 5. With the sideWall insulating 
layer 7a and the gate cap nitride layer 5 serving as masks, 
heavily doped n-type impurity ions are implanted into the 
substrate 1 to form a source/drain region 8. 

As shoWn in FIG. ID, a second oXide layer 9 is deposited 
on the substrate 1. NeXt, a photoresist ?lm 10 is coated on 
the entire surface of the substrate and then patterned by 
photolithography to eXpose a portion of the second oXide 
layer 9, as shoWn in FIG. 1E. 

Referring to FIG. 1F, With the photoresist ?lm 10 serving 
as a mask, the portion of the second oXide layer 9 betWeen 
the gate lines 4 is removed to eXpose the source/drain region 
8 by a self-aligned contact hole process using different etch 
selectivities betWeen the oXide layer and the silicon nitride 
layer. 
A method of forming a logic device region having a 

silicide layer Will noW be described With reference to FIGS. 
2A to 2F. 

As shoWn in FIG. 2A, an active region and a ?eld region 
are de?ned in a semiconductor substrate 11, and then a ?eld 
oXide layer 12 is formed on the ?eld region. Next, a ?rst 
oXide layer and a polysilicon layer are deposited on the 
entire surface of the substrate. Then a photoresist ?lm is 
coated and then partially patterned (not shoWn) by photoli 
thography. With the photoresist pattern serving as a mask, 
the ?rst oXide layer and the polysilicon layer are selectively 
removed to form a gate oXide layer 13 and a gate line 14 on 
the active region. 

Referring to FIG. 2B, lightly doped n-type impurity ions 
are implanted into the substrate 11 to form an LDD region 
15. 

In FIG. 2C, a silicon nitride layer is deposited on the 
entire surface of the substrate including the LDD region 15, 
and then etched-back to form a sideWall insulting layer 16 on 
both sides of the gate oXide layer 13 and the gate line 14. 

Subsequently, With the sideWall insulating layer 16 and 
the gate line 14 serving as masks, heavily doped n-type 
heavily doped impurity ions are implanted into the substrate 
11 to form a source/drain region 17, as shoWn in FIG. 2D. 

Referring to FIG. 2E, a metal layer 18 is deposited on the 
substrate 11. For eXample, titanium (Ti), cobalt (Co), or 
tantalum (Ta) may be used as the metal layer 18. Next, a 
silicide layer 19 in FIG. 2F is formed on the gate line 14 and 
the source/drain region 17 by annealing the metal layer 18. 
Thereafter, an unreacted portion of the metal layer 18 is 
removed from the silicide layer 19. 

HoWever, the conventional method of fabricating semi 
conductor devices have the folloWing problems. 

Since a sideWall insulating layer formed on both sides of 
the gate line in the cell region is formed of a silicon nitride 
layer, hot carriers are often trapped in the silicon nitride 
layer When a transistor is operated. Accordingly, the tran 
sistor tends to malfunction due to a high channel resistance. 
As a result, the device reliability is greatly loWered. 

Further, a silicon nitride layer rather than an oXide layer 
is formed as a sideWall insulting layer in fabricating both the 
logic device region and the memory device region in the 
conventional method. Generally, the silicon nitride layer is 
more asymmetric than the oXide layer in crystallography. An 
eclectic force (for eXample, a Coulomb’s force) dragging 
silicon atoms can be generated in the silicon nitride layer 
because of the asymmetry. Accordingly, silicon atoms in the 
source/drain region and the gate line move to the sideWall 
insulating layer in the silicon nitride layer, thereby forming 
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a silicide in the sidewall layer. Consequently, a bridge 
electrically connecting the gate line and the source/drain 
region is formed and the semiconductor device can readily 
malfunction. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
of fabricating a semiconductor device that substantially 
obviates one or more of problems due to limitations and 
disadvantages of the related art. 
An object of the invention is to provide a method of 

fabricating a semiconductor device Where both a cell region 
and a logic device region are formed on one chip at the same 
time, rather than separately. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realiZed and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, the method for manufacturing a semi 
conductor device including a memory device region and a 
logic device region includes the steps of forming ?rst and 
second gate lines having gate oxide layers on a semicon 
ductor substrate of the cell region and the logic device, 
respectively, forming a sideWall insulating layer on both 
sides of the ?rst and second gate lines, forming impurity 
regions under a surface of the semiconductor substrate at 
both sides of the ?rst and second gate lines, forming a silicon 
nitride layer on the entire surface of the substrate including 
the ?rst and second gate lines removing the silicon nitride 
layer over a logic device region, forming a silicide layer on 
the second gate line and the impurity region at both sides of 
the ?rst gate line, forming an oxide layer on the entire 
surface of the substrate, and forming ?rst and second contact 
holes on the silicide layer on the impurity region at one side 
of the second gate line and on the impurity region at one side 
of the ?rst gate line. 

In another aspect, the method of fabricating a semicon 
ductor device having a memory device region and a logic 
device region on a substrate, comprising the steps of forming 
?rst and second gate lines on the substrate at the memory 
device region and the logic device region, respectively, 
forming a sideWall insulating layer on both sides of each of 
the ?rst and second gate lines, forming a plurality of 
impurity regions in the substrate, forming a silicon nitride 
layer on memory device region including the ?rst gate lines, 
forming a silicide layer on the second gate line and impurity 
regions at the logic device region, and forming an oxide 
layer on an exposed surface excluding portions over each 
one of the impurity regions at the memory device region and 
the logic device region, respectively. 

In a further aspect, the method of fabricating a semicon 
ductor device having a memory device region and a logic 
device region on a substrate includes the steps of forming 
?rst and second gate lines on the substrate, the ?rst gate line 
being at the memory device region and the second gate line 
being at the logic device region, forming ?rst, second, and 
third impurity regions on the substrate, the ?rst impurity 
region being at the memory device region and the second 
and third impurity regions being at the logic device region, 
forming a sideWall insulating layer on both sides of each of 
the ?rst and second gate lines, forming a silicon nitride layer 
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4 
on the substrate including the ?rst and second gate lines, 
selectively removing the silicon nitride layer on a portion 
over the logic device region including the second gate line, 
forming a metal layer on the logic device region including 
the second gate line, and the second and third impurity 
regions, annealing the metal layer to form a silicide layer, 
forming an oxide layer over the memory device region and 
the logic device region, selectively removing the oxide layer 
from portions on ?rst and second impurity regions to form 
?rst and second contact holes, respectively, and selectively 
removing the silicon nitride layer on the ?rst impurity 
region. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. In the 
draWings: 

FIGS. 1A through 1F are cross-sectional vieWs shoWing 
the process of forming a memory device region of a con 
ventional semiconductor device; 

FIGS. 2A through 2F are cross-sectional vieWs shoWing 
the process of forming a logic device region of the conven 
tional semiconductor device; and 

FIGS. 3A through 3L are cross-sectional vieWs shoWing 
the process of forming a semiconductor device according to 
a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 

FIGS. 3A through 3L are cross-sectional vieWs shoWing 
the process steps of a method of fabricating a semiconductor 
device. In the method of the present invention, a memory 
device region and a logic device region are formed on the 
same chip at the same time, rather than separately. The left 
side of the draWings shoWs for a memory device region, 
While the right side of the draWings illustrates a logic device 
region. 

Referring initially to FIG. 3A, an active region and a ?eld 
region are de?ned in a semiconductor substrate 31, and then 
a ?eld oxide layer 32 is formed on the ?eld region. Next, an 
insulating layer is formed on the entire surface of the 
substrate using thermal oxidation. Thereafter, a polysilicon 
layer is deposited on the insulating layer. Aphotoresist ?lm 
is then coated on the entire surface of the substrate and 
selectively removed by photolithography. With the photo 
resist pattern serving as a mask, the polysilicon layer and the 
insulating layer are etched to form a gate oxide layer 33 and 
a gate line 34 on the active region, respectively. 
Subsequently, phosphorus ions are implanted into the sub 
strate 31 at both sides of the gate lines 34 to form an LDD 
region 35. 

Referring to FIG. 3B, a ?rst oxide layer 36 is deposited by 
chemical vapor deposition (CVD). The ?rst oxide layer 36 
is then etched-back to form a sideWall insulating layer 36a 
on both sides of the gate line 34, as shoWn in FIG. 3C. With 
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the sidewall insulating layer 36a and the gate line 34 serving 
as masks, heavily doped n-type impurity ions are implanted 
into the substrate 31 to form a source/drain region 37. 

Thereafter, a thin silicon nitride layer 38, as shoWn in FIG. 
3D, is formed on the entire surface of the substrate using 
CVD. 

FIG. 3E, a photoresist ?lm 39 is coated on the entire 
surface of the substrate and then selectively patterned to 
expose a portion of a logic device region. With the photo 
resist ?lm 39 serving as a mask, the portion of the silicon 
nitride layer 38 on the logic device region is removed. 

Next, a metal layer 40 is formed on the entire surface of 
the substrate using a sputtering method, as shoWn in FIG. 3F. 
For example, the metal layer 40 is made of Ti, W, or Ta. 

Referring to FIG. 3G, an inert gas is introduced into the 
vacuum chamber Where the semiconductor device is fabri 
cated and then an annealing process is performed at a 
temperature of 500—700° C. A silicide layer 40a is formed 
from the metal layer 40 on the gate line 34 and the 
source/drain region 37. For example, the metal layer 40 is 
made of Ti to form a titanium silicide (TiSi2) layer. In this 
process, titanium is reacted With silicon to form the titanium 
silicide layer. Other silicide layers such as a cobalt silicide 
(CoSi2) layer or a tantalum silicide (TaSi2) layer may be 
used in this process. 

In FIG. 3H, an unreached portion of the metal layer 40 is 
removed by dipping in an ammonia aqueous solution. 
Subsequently, the silicide layer 40a is annealed at a tem 
perature of 700—800° C. to be stabiliZed. A second oxide 
layer 41 for planariZation is formed on the entire surface of 
the substrate including the silicide layer 40a using CVD. 
As shoWn in FIG. 31, a photoresist ?lm 42 is coated on the 

entire surface of the substrate and then selectively removed 
to expose the source/drain region at one side of the gate line 
34 of the memory device region and the source/drain region 
37 at one side of the gate line 34 of the logic device region. 
At this time, a portion of the photoresist ?lm on the memory 
device region removed is larger than a portion contacting the 
silicide layer 40a using a self aligned process. The photo 
resist ?lm of the logic device region is pad-patterned to ?t 
into a portion contacting the silicide layer 40a. 

In FIG. 3], With the photoresist pattern 42 serving as a 
mask, the second oxide layer 41 is anisotropically etched to 
expose the silicon nitride layer 38 and the silicide layer 40a. 
In this process, for example, a gas mixture of CHF3, C2F6, 
and Ar is used to facilitate the etching process of the second 
oxide layer 41 and the silicon nitride layer 38. Thus, the 
silicon nitride layer 38 at the memory device region is 
exposed to form a self aligned contact hole, Whereas the 
silicide layer 40a at the logic device region is exposed to 
form a contact hole. 

As shoWn in FIG. 3K, an exposed portion of the silicon 
nitride layer 38 is etched using a plasma etching method 
Without applying radio frequency (RF) bias, thereby forming 
contact holes in the memory device region and the logic 
device region Without damaging the semiconductor sub 
strate 31. 

Aremaining photoresist ?lm is removed in FIG. 3L so that 
the self aligned contact hole in the memory device region 
and the silicide layer 40a of the logic device region are 
formed on the same chip at the same time, rather than 
separately. 
A method of fabricating a semiconductor device of the 

present invention has the folloWing advantage. 
Since both a memory device region and a logic device 

region are formed on one chip at the same time, rather than 
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6 
separately, sideWall insulting layers on both sides of gate 
lines at the logic device region and the memory device 
region are made of oxide. Thus, a silicide layer on the gate 
line of the logic device region does not form a bridge 
electrically connecting the gate line and the source/drain. 
Accordingly, the risk of device malfunctioning is much 
reduced. 

It Will be apparent to those skilled in the art that various 
modi?cation and variations can be made in the method of 
fabricating a semiconductor device of the present invention 
Without departing from the spirit or scope of the inventions. 
Thus, it is intended that the present invention cover the 
modi?cations and variations of this invention provided they 
come Within the scope of the appended claims and their 
equivalents. 
What is claimed is: 
1. Amethod of fabricating a semiconductor device having 

a memory device region and a logic device region on a 
substrate, comprising the steps of: 

forming ?rst and second gate lines on the substrate at the 
memory device region and the logic device region, 
respectively; 

forming a sideWall insulating layer on both sides of each 
of the ?rst and second gate lines; 

forming a plurality of impurity regions in the substrate; 
forming a silicon nitride layer on the memory device 

region including the ?rst gate line; 
forming a silicide layer on the second gate line and 

impurity regions at the logic device region; and 
forming an oxide layer over an entire surface of the 

substrate excluding portions over each one of the 
impurity regions at the memory device region and the 
logic device region, respectively. 

2. The method according to claim 1, Wherein the step of 
forming a silicide layer includes the steps of: 

depositing a metal layer on the logic device region 
including the second gate line; and 

annealing the metal layer to form a silicide layer. 
3. The method according to claim 2, Wherein the metal 

layer includes one of titanium, cobalt, or tantalum. 
4. The method according to claim 2, Wherein the step of 

annealing is executed at a temperature of about 500—700° C. 
5. Amethod of fabricating a semiconductor device having 

a memory device region and a logic device region on a 
substrate, comprising the steps of: 

forming ?rst and second gate lines on the substrate, the 
?rst gate line being at the memory device region and 
the second gate line being at the logic device region; 

forming ?rst and second impurity regions on the 
substrate, the ?rst impurity region being at the memory 
device region and the second impurity region being at 
the logic device region; 

forming a sideWall insulating layer on both sides of each 
of the ?rst and second gate lines; 

forming a silicon nitride layer on the substrate including 
the ?rst and second gate lines; 

selectively removing the silicon nitride layer on a portion 
over the logic device region including the second gate 
line; 

forming a metal layer on the logic device region including 
the second gate line, and the second impurity region; 

annealing the metal layer to form a silicide layer; 
forming an oxide layer over the memory device region 

and the logic device region; 
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selectively removing the oxide layer from portions on ?rst 
and second impurity regions to form ?rst and second 
contact holes, respectively; and 

selectively removing the silicon nitride layer on the ?rst 
impurity region. 

6. The method according to claim 5, Wherein the step of 
selectively removing the oxide layer is executed in a gas 
mixture of CHF3, C2136, and Ar. 

7. The method according to claim 5, Wherein the step of 
selectively removing the silicon nitride layer includes a 
plasma etching process Without applying radio frequency 
(RF) bias. 

8. The method according to claim 5, Wherein the metal 
layer includes one of titanium, cobalt, or tantalum. 

9. The method according to claim 5, Wherein the step of 
annealing is executed at a temperature of about 500—700° C. 

10. The method according to claim 5, Wherein the step of 
forming ?rst and second impurity regions includes implant 
ing phosphorus ions to form lightly doped drain (LDD) 
regions. 

11. The method according to claim 5, Wherein the step of 
forming an oxide layer includes chemical vapor deposition 
(CVD). 
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12. The method according to claim 5, further comprising 

the step of implanting heavily doped impurity ions into the 
substrate to form a source/drain region prior to the step of 
forming a silicon nitride layer. 

13. The method according to claim 5, Wherein the silicide 
layer in the step of annealing the metal layer includes a 
titanium silicide (TiSi2) layer, a cobalt silicide (CoSi2) layer 
and a tantalum silicide (TaSi2) layer. 

14. The method according to claim 5, further comprising 
annealing the silicide layer in a temperature of about 
700—800° C. after the step of annealing the metal layer. 

15. The method according to claim 5, further comprising 
the step of removing an unreacted portion of the metal layer 
from the silicide layer after the step of annealing the metal 
layer. 

16. The method according to claim 15, Wherein the step 
of removing an unreacted portion of the metal layer includes 
the step of dipping the unreacted portion in an ammonia 
aqueous solution. 


